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5HYHUVH 2VPRVLV 52 ILOWUDWLRQ LV D OHDGLQJ WHFKQRORJ\ IRU GHVDOLQDWLRQ RI VHDZDWHU DQG
EUDFNLVK ZDWHU 7R DYRLG ELRIRXOLQJ FRQWLQXRXV GLVLQIHFWLRQ ZRXOG EH WKH PRVW DSSURSULDWH
RSWLRQKRZHYHULWLVNQRZQWKDWSRO\PHULFPHPEUDQHFDQVXIIHUIURPWKHSUHVHQFHRIUHPDLQLQJ
R[LGDQW 7KH IRUPDWLRQ RI GLVLQIHFWLRQ E\SURGXFWV GXULQJ WKH SURFHVV PD\ DOVR GDPDJH WKH
PHPEUDQH$FFRUGLQJO\ WKHSK\VLFDO FKHPLFDO SURSHUWLHVRI WKHPHPEUDQHDQGFRQVHTXHQWO\
LWVHIILFLHQF\DUHDOWHUHG
7KH DFWLYH OD\HUV RIPRVW FRPPHUFLDO 52PHPEUDQHV DUHPDGH RI IXOO\ DURPDWLF SRO\DPLGH
3$ VWUXFWXUH KLJKO\ UHDFWLYH ZLWK VWURQJ R[LGDQW HJ FKORULQH 0RQRFKORUDPLQH WKDW H[HUWV
VLJQLILFDQW ORZHU R[LGL]LQJ SRZHU PD\ KDYH SRWHQWLDO WR HIIHFWLYHO\ FRQWURO ELRIRXOLQJ ZLWKRXW
GDPDJLQJWKHPHPEUDQHDFWLYHOD\HU+RZHYHULQWHJULW\ORVVRI52PHPEUDQHFDQWDNHSODFH
LQWKHSUHVHQFHRIFRPELQHGFKORULQHSRVVLEO\DVDUHVXOWRIFDWDO\WLFUHDFWLRQ LQYROYLQJPHWDO
+LJK LRGLGH DQG EURPLGH FRQFHQWUDWLRQV DUH NQRZQ WR IDYRU WKH SURGXFWLRQ RI PRUH DFWLYH
KDORDPLQH VSHFLHV HJ VHFRQGDU\ R[LGL]LQJ DJHQWV 7KH IRUPDWLRQ RI WKHVH DJHQWV DQG RI
GLVLQIHFWLRQ E\SURGXFWV '%3 GXULQJ WKH FKORUDPLQDWLRQ RI VHDZDWHU DQG EUDFNLVKZDWHU FDQ
DOVRFRQWULEXWHWRWKHGHJUDGDWLRQRIWKHPHPEUDQHDFWLYHOD\HU

7KHREMHFWLYHRIWKLVZRUNLVWRH[SORUHWKHLPSDFWRIFKORUDPLQHH[SRVXUHRQWKHSHUIRUPDQFHV
DQG VWUXFWXUH RI D SRO\DPLGH PHPEUDQH ([SHULPHQWV ZHUH SHUIRUPHG LQ SXUH V\QWKHWLF RU
QDWXUDOVHDZDWHU7KH LPSDFWRI WKHR[LGDQW LVVWXGLHGE\PHDVXULQJWKHVSHFLILFVDOW UHMHFWLRQ
DQGE\PRQLWRULQJWKHSHUPHDWHIORZXQGHUFRQWUROOHGRSHUDWLQJFRQGLWLRQV7KHPRGLILFDWLRQRI
WKHPHPEUDQH VWUXFWXUH LH KDORJHQ VXEVWLWXWLRQ R[LGDWLRQ LV H[DPLQHG XVLQJ VRSKLVWLFDWHG
FKDUDFWHUL]DWLRQWRROV5%6$75)7,5

([SHULPHQWV DUH SHUIRUPHG ZLWK D WKLQ ILOP FRPSRVLWH 7)& 52PHPEUDQH ZLWK SRO\DPLGH
DFWLYH OD\HU 6:+5'RZ)LOP7HF&R 86$ 3UHIRUPHGPRQRFKORUDPLQH LVPDGH E\ WKH
VORZDGGLWLRQDWS+RIDVROXWLRQRIK\SRFKORURXVDFLGLQWRDVROXWLRQRIDPPRQLXPFKORULGHDW
KLJK VWLUULQJ UDWH 1LWURJHQ WR FKORULQH 1&O PRODU UDWLR LV IL[HG DW  LQ RUGHU WR FRQYHUW
SUDFWLFDOO\ DOO WKH IUHH FKORULQH WR PRQRFKORUDPLQH 6ROXWLRQV DUH SUHSDUHG E\ GLOXWLRQ DQG
GLVVROXWLRQRIDQDO\WLFDOJUDGHUHDJHQW1D2&O1+&O$&6UHDJHQWVLJPD$OGULFKZLWKSXULILHG
ZDWHUSURGXFHGE\D0LOOLSRUHV\VWHP7KHUHVLVWLYLW\RIW
KHZDWHULV0 ߄FP

7ZRVHWVRIH[SHULPHQWZHUHFRQGXFWHG7KHILUVWRQHZDVSHUIRUPHGLQEXIIHUHG04ZDWHUS+
&3KRVSKDWHEXIIHUP0E\VRDNLQJPHPEUDQHFRXSRQVLQEDWFKUHDFWRUDWPHGLXP
SSPDV&ODQGKLJKLQLWLDOFKORUDPLQHFRQFHQW 
WUDWLRQSSPDV&O&KDQJH LQWKHPHPEUDQHSHUIRUPDQFHVDQGVWUXFWXUHDUHHYDOXDWHG
EDVHGRQ&7H[SRVXUHJRLQJXSWRSSPKDV&O7KHVHFRQGRQHZDVRSHUDWHGXQGHU
VHPLFRQWLQXRXVPRGHLHUHFLUFXODWLRQRIWKHFKORUDPLQDWHGVROXWLRQXVLQJXQSUHVVXUL]HGFHOO
ZLWKRXWSHUPHDWLRQZLWKEXIIHUHG04ZDWHUV\QWKHWLFDQGQDWXUDOVHDZDWHU5HG6HDZDWHU
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$VWRFRPSDUHZLWKWKHSUHYLRXVVWDWLFPRGHRQO\WKHVXUIDFHLQGLUHFWFRQWDFWZLWKWKHVROXWLRQ
LVVXEMHFWHGH[SHFWHGWRWKHR[LGDQW:LWKWKHREMHFWLYHWRUHPDLQDVFORVHDVSRVVLEOHWRWKH
QRUPDO WUHDWPHQW FRQGLWLRQV D FRQFHQWUDWLRQ RI  SSP DV &O RI PRQRFKORUDPLQH LV XVHG
%HFDXVHPRQRFKORUDPLQHLVQRWVWDEOHLQWKHSUHVHQFHRIKLJKFRQFHQWUDWLRQRIEURPLGHDIUHVK
VROXWLRQ RI PRQRFKORUDPLQH DW S+ LV SUHSDUHG HYHU\  KRXUV 7DUJHW &7 IRU UHFLUFXODWLRQ
PRGHH[SHULPHQW DUH  DQG SSPK DV&O WKH ORQJHVW&7 UHSUHVHQWLQJ 
GD\VRIRSHUDWLRQ
'XULQJDOOH[SHULPHQWV WKHGHFD\RIFKORUDPLQHVFRQWHQW LV IROORZHG WRGHWHUPLQH WUXHDSSOLHG
&7

5HMHFWLRQ HIILFLHQF\ DQG SHUPHDELOLW\ RI WKH WUHDWHG PHPEUDQH DUH GHWHUPLQHG XQGHU VLPLODU
FRQGLWLRQV&7'6 J/SUHSDUHGZLWKSXUHDQDO\WLFDOUHDJHQWVDOWV703 EDUVDIWHU
ORDGLQJ WKH WUHDWHG FRXSRQV LQ D KLJK SUHVVXUH 52 XQLW 6,0$7HF 52 XQLW HTXLSSHG ZLWK
FRQGXFWLYLW\ FHOOV WR GHWHUPLQH WKH WRWDO VDOW UHMHFWLRQ 6DPSOHV DUH DOVR DQDO\]HG E\ LRQ
FKURPDWRJUDSK\ IRU WKH GHWHUPLQDWLRQ RI VSHFLILF UHMHFWLRQV IRU &O 62 DQG %U 7KH
PRQLWRULQJRIVSHFLILFUHMHFWLRQZLOODOORZXVWREHWWHUIROORZWKHFKDQJHLQWUDQVSRUWPHFKDQLVP
DGYHFWLRQ RU GLIIXVLRQ DQG WKH VROXWH SHUPHDELOLW\ FRHIILFLHQW % XVHG WR FKDUDFWHUL]H
PHPEUDQH
7KHPRGLILFDWLRQRISRO\PHUFRPSRVLWLRQZDVVWXGLHGRQWKHFKORUDPLQDWHGFRXSRQVXVLQJ)7,5
DQG5%6DQDO\VHV

7KH1+&OH[SRVXUHLQEXIIHUHG04S+ZDWHUDWLQLWLDOFRQFHQWUDWLRQRISSPOHDGVWRDQ
LQFUHDVH RI WKH PHPEUDQH SHUPHDELOLW\ ZLWK LQFUHDVLQJ &7 7KH QRUPDOL]HG SHUPHDELOLW\
UHDFKHVDSODWHDXDWIRUD&7RISSPK$OLQHDUGHFUHDVHRIWRWDOUHMHFWLRQLVDOVR
QRWLFHG DW D UDWH RI  [  SSPK 1RUPDOL]HG UHMHFWLRQ YHUVXV &7 )7,5 DQG 5%6
VSHFWUD RI H[SRVHGPHPEUDQH FRXSRQV ZHUH FRPSDUHG WR YLUJLQ DQG FKORULQDWHGPHPEUDQH
FRXSRQVDQGVKRZHGTXDOLWDWLYHO\GLIIHUHQWHYROXWLRQREVHUYDWLRQWKDWVHHPVWRLQGLFDWHWKDWWKH
UHDFWLRQPHFKDQLVPVLQYROYHGLQWKHGHJUDGDWLRQSURFHVVDUHGLIIHUHQWIRU+2&ODQG1+&O

7KHLPSDFWRIWKHPRGHRIFKORUDPLQHH[SRVXUHEDWFKYVUHFLUFXODWLRQZDVLQYHVWLJDWHGXVLQJ
FKORUDPLQDWHG0LOOL4 ZDWHU DW S+ )RU D &7 RI  SSPK LQLWLDO FRQFHQWUDWLRQ DW  SSP
GXULQJKRXUV WKHILQDOQRUPDOL]HGSHUPHDELOLW\ IRUEDWFKUHFLUFXODWLRQRQSRO\DPLGH3$
VXUIDFHDQGSRO\VXOIRQH36IVXUIDFHDUHDQGUHVSHFWLYHO\7KHVHUHVXOWVVKRZ
WKDWWKHFKORUDPLQDWLRQRIWKH36IOD\HUGRHVQRWKDYHPDMRULPSDFWRQWKHSHUPHDELOLW\RIWKH
PHPEUDQH2QWKHFRQWUDU\PRQRFKORUDPLQHDOWHUWKHPHPEUDQHSURSHUWLHVDVWURQJHULPSDFW
EHLQJ REVHUYHGZLWK WKH UHFLUFXODWLRQPRGH  7KH GLIIHUHQFHPD\ EH GXH WR DPRUH WDUJHWHG
UHDFWLYLW\RIPRQRFKORUDPLQHZLWKWKH3$VXUIDFHLQWKHUHFLUFXODWLRQPRGHDVFRPSDUHGWRWKH
EDWFKPRGHKLJKHU³WUXH´&7

/RQJWHUPH[SHULPHQWVDUHSHUIRUPHGZLWK UHFLUFXODWLRQFHOOV RSHUDWHG LQSDUDOOHO7KHFHOOV
ORDGHG ZLWK 6:+5 PHPEUDQH FRXSRQV DUH RSHUDWHG ZLWK FKORUDPLQDWHG 0LOOL4 ZDWHU
GXSOLFDWH V\QWKHWLF VHDZDWHU DQG 5HG 6HD ZDWHU ([SHULPHQWV DUH VWLOO LQ SURJUHVV D &7
H[SRVXUHRISSPKZDVREWDLQHGIHZGD\VDJR6HYHUDOPRUHZHHNVDUHUHTXLUHGWRUHDFK
WKHJRDORISSPK,WLVH[SHFWHGWKDWWKHUHVXOWVZLOOSURYLGHLQIRUPDWLRQRQWKHLPSDFWRI
120GXULQJWKHFKORUDPLQDWLRQRIPHPEUDQHIHGE\VHDZDWHU
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